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S
TAIR CLIMBING IS IMPORTANT for maintaining mobility and independence. However, activity limitations in climbing stairs are prevalent, especially in the elderly and in patients with lower-extremity disorders. Despite the importance of stair climbing and the high prevalence of limitations in this activity, little is known about the actual limitations in climbing stairs perceived by patients at home. Furthermore, little is known about the severity of these limitations in subgroups of patients and about the determinants of activity limitations in climbing stairs. Finally, little is known about the severity of the activity limitations indicated by specific statements about these limitations. Most doctors would agree that a statement like "I go up the stairs and always hold onto the banister" indicates a minor limitation, whereas a statement such as "I go up the stairs and am always helped by someone" indicates a severe limitation. But what is implied by statements such as "I go up the stairs but with difficulty" or "I do go up and down stairs but less often"? A prerequisite in addressing these research questions is the availability of a suitable measurement instrument.
We are not aware of any existing measurement instrument that provides a detailed assessment of activity limitations in climbing stairs. 1 Currently available generic measurement instruments [2] [3] [4] [5] [6] [7] and disease-specific instruments [8] [9] [10] [11] [12] provide only a global measurement of activity limitations. Although climbing stairs is included in many of these instruments, this activity is often addressed by 1 or 2 items only.
Because existing measurement instruments were not adequate to provide a detailed assessment of activity limitations in climbing stairs, we developed a new scale with the following properties: (1) the scale should be suitable for the assessment of patients with lower-extremity disorders living at home; (2) the scale must provide a detailed measurement of activity limitations in climbing stairs; (3) the scale must be a discriminative index, measuring cross-sectional differences in limitations in climbing stairs between patients or subgroups of patients; and (4) the scale should be hierarchical, which implies that it consists of items indicating different levels of severity in activity limitations.
This article reports on the development and testing of a detailed and hierarchical scale to measure activity limitations in climbing stairs in patients with lower-extremity disorders living at home.
METHODS

Instrument Development
To create a detailed measurement instrument, items were derived from an extensive literature review on climbing stairs.
A first-draft version of the scale was subjected to the opinions of experts (physicians, physical and occupational therapists, sociologists), and pretested. A second draft version was tested in 345 patients with orthopedic and rheumatologic disorders of the lower extremity, 13, 14 resulting in rewording of some items. The final version of the instrument that was tested was a self-administered questionnaire consisting of 15 items, formulated in behavioral terms. The items refer to what a patient actually does, and not to what a patient thinks that he/she can do. Dichotomous response options (YES box marked/YES box not marked) were chosen to facilitate interpretation. A summary of the patient instructions and the final list of items can be found in appendix 1.
Participants
To test the measurement instrument, patients were recruited from several studies of subjects with lower-extremity disorders living at home. First, patients with chronic stroke were sampled from a community-based cohort study, 15 at the 2-year follow-up measurement. Second, patients with poliomyelitis were sampled from a community-based cohort study, 16 also at the 2-year follow-up measurement. Third, outpatients with hip or knee osteoarthritis (OA) undergoing arthroplasty were sampled from 2 general hospitals and 1 university hospital in an ongoing inception cohort study, directly after placement on the waiting list. 17 Fourth, outpatients with lower-extremity amputation undergoing multidisciplinary rehabilitation treatment were sampled from an ongoing inception cohort study, at the end of rehabilitation treatment. In addition, outpatient amputees were sampled from 2 orthopedic workshops. Fifth, patients with lower-extremity complex regional pain syndrome type I (CRPS I) were sampled from the anesthesiology and surgical outpatient clinics of 2 university hospitals. 18, 19 Some of these patients were also participants in a randomized controlled trial, 18 and these patients were sampled at the first measurement. Sixth, outpatients with diabetic foot problems (with and without foot ulcers) from a rehabilitation center were sampled from the cases in an ongoing case-control study. 20 In addition, outpatients with diabetic foot problems receiving podiatric care from a general and a university hospital were sampled from an observational study, 21 at the first measurement. All patients completed the questionnaire and provided additional information about their age and gender.
Analysis
Scalability and invariant item ordering. Scalability of an item set implies that it can be used for the measurement of patients, whereas invariant item ordering implies that the (hierarchical) ordering of the items is the same for all patients. To investigate the scalability and the ordering of the items, Mokken scale analysis [22] [23] [24] [25] was used in this study. Mokken scale analysis can be viewed as a nonparametric approach to the item response theory (IRT). According to the IRT, the abilities of patients are latent traits. Mokken scale analysis provides only ordinal information about the location of patients and items on the scale of the latent trait. Within the framework of Mokken scale analysis, the scalability of an item set is studied by investigating the fit of the monotone homogeneity (MH) model, whereas the invariant ordering of the items is studied by investigating the fit of the double monotonicity (DM) model.
Evaluation of the MH model. The fit of the MH model is evaluated by calculating the scalability coefficient H. 23, 24 Scalability coefficient H is a global indicator of the degree to which patients can be accurately ordered on the latent trait by means of their sum score. Scale criteria are met when the coefficients of scalability for all item pairs (H ij ) are positive, whereas the scalability coefficients for the items in relation to the scale at issue (H i ) and for the scale (H) are at least .30. Higher values for H i and H imply fewer violations and thus a better scale. A rule of thumb is that a scale is considered to be weak if .30ՅHϽ.40. Medium scalability is obtained if .40ՅHϽ.50. A scale is considered to be strong if H is equal to or greater than .50.
Evaluation of the DM model. The evaluation of the fit of the DM model with the data starts with investigating the fit of the MH model and continues with calculating the coefficient H T . 23, 24 The coefficient H T is a global indicator of the degree to which the ordering of the items is invariant across the latent trait. Criteria for invariant item ordering are met when the percentage of negative coefficients at the level of the individual patients (H a T ) is less than 10% and the coefficient for the total set of patients (H T ) is at least .30. The larger the H T , the greater the confidence that can be assigned to the invariant ordering of items across the latent trait.
Reliability. Reliability concerns the degree of repeatability of the sum score. The intratest reliability was quantified by calculating the reliability coefficient . 23, 24 A reliability coefficient of .90 or more is recommended for decisions about individual patients. 26 Robustness. Robustness concerns the scalability of the item set and the invariant item ordering within subgroups of patients. In our study, robustness was investigated with respect to age, gender, and diagnosis. For the purpose of investigating robustness with respect to age, the study population was dichotomized on the basis of the median age (Ͻ61.5y vs Ն61.5y). Because good estimates of scalability require large groups of patients (at least 200, but preferably at least 500), 23 robustness with respect to diagnosis was investigated only for the subgroups of patients with OA and amputation and for a rest group consisting of patients with the other diagnoses. Scalability and invariant item ordering within subgroups of patients were evaluated, as described, for all patients.
Differential item functioning. Differential item functioning (DIF) addresses the issue of making valid comparisons between subgroups of patients. First, suppose that 2 subgroups of patients-for instance, OA patients and amputees-have a similar severity of activity limitations. Second, suppose that an item functions differently in OA patients and amputees-for instance, that it indicates less activity limitations in amputees. In such a case, amputees will more often respond positively to this item, and they will tend to have higher scores than the OA patients. So, an item that functions differently in subgroups of patients causes differences in subgroup scores, even when the subgroups have a similar severity of activity limitations. As a consequence, DIF impedes valid comparison between these subgroups. In this study, DIF was investigated for age, gender, and diagnosis. The subgroups were the same as described for the analysis of robustness. DIF is visualized in a scatterplot.
RESULTS
Participants
Of the 822 patients enrolled in our study, 63 stated that they did not climb stairs at all. These 63 patients were excluded from the scale analysis. As a consequence, data on 759 patients were included in the scale analysis. The mean age Ϯ standard deviation of these patients was 59.8Ϯ15.0 years, and the gender of 48% (nϭ364) of the patients was male. Patients had the following diagnoses: stroke (nϭ65) 15 ; poliomyelitis (nϭ89) 16 ; hip OA (nϭ203) 17 ; knee OA (nϭ79); transfemoral amputation (nϭ74); knee disarticulation amputation (nϭ12); transtibial amputation (nϭ89); other amputation (nϭ17); CRPS I (nϭ69) 18, 19 ; and diabetic foot problems (nϭ62). 20, 21 Mokken Scale Analysis MH model. The scale criteria were met (table 1), which indicates that the item set can be used for the measurement of patients. The coefficient of scalability for all item pairs (H ij ) was positive, the scalability coefficient for the items in relation to the scale at issue (H i ) was .39 or greater, and the scalability coefficient of the scale (H) was .50, indicating a strong scale.
DM model. The criteria for invariant item ordering were met, which indicates that the (hierarchical) ordering of the items, from items indicating minor limitations to items indicating severe limitations, was the same for the whole range of patients with minor to severe limitations. The coefficient for the total set of patients (H T ) was .58, while the percentage of negative coefficients at the level of the individual patients (H a T ) was 3% (table 1) .
Reliability. The intratest reliability coefficient was .90, which indicates that the intratest reliability was good enough for decisions about individual patients.
Robustness. Robustness with respect to age, gender, and diagnosis was satisfactory (table 1), which indicates that the item set can be used for measurement within the subgroups of patients and that the item ordering is invariant within these subgroups. For the subgroup of OA patients only, items 6 and 12 showed misfit of the MH model (H i Ͻ.30).
Differential item functioning.
No DIF was found for age or gender, and some DIF was found for diagnosis. This indicates that valid comparisons can be made between younger and older patients, and between male and female patients, whereas comparisons between diagnostic groups should be made with some caution. The DIF with respect to diagnosis for some items (2, 3, 8, 9, 13, 14) tended to be mainly attributable to amputees. Consequently, in another analysis, the study population was dichotomized (amputees vs nonamputees). This analysis revealed DIF with respect to the items 2, 3, 8, and 9 ( fig 1) .
DISCUSSION
The objective of our study was to develop and test a measurement instrument to provide a detailed assessment of activity limitations in climbing stairs for patients with lower-extremity disorders living at home. To test the instrument on patients living at home, only outpatients were sampled for this study. In addition, and in order to test the instrument on patients with different lower-extremity disorders, the patients who were sampled had different disorders of the lower extremity, originating from different parts of the body: the brain (stroke), the peripheral nerve (poliomyelitis, diabetic foot problems), the hip (OA), the upper leg (transfemoral amputation), the knee (OA, knee disarticulation amputation), the lower leg (transtibial amputation), and the foot (CRPS I, diabetic foot problems, foot amputations). The suitability of the item set for the measurement of patients was confirmed by demonstrating good fit of the MH model for all and within subgroups of patients defined by age, gender, and diagnosis. For the subgroup of OA patients only, 2 items showed misfit of the model (H i Ͻ.30), which might be explained by the small number of patients in this subgroup who responded positively to these 2 items (about being helped by someone when climbing stairs). In such a case, violation of the model, caused by an unusual answer from a few patients, can easily result in a low H i coefficient.
Invariant item ordering, and thus a hierarchy, was confirmed by demonstrating good fit of the DM model for all, and within subgroups of patients. The items can therefore be ordered from items indicating slight limitations to items indicating severe limitations. As expected, the items about holding onto the banister indicate minor limitations, whereas the items about being helped by someone indicate severe limitations. Generally speaking, there were no great differences between the limitations indicated by the items about going upstairs and the items about going downstairs, such as the items 1 and 7. Because of the invariant item ordering, a patient with a sum score of 4 will generally respond positively to the first 4 items indicating minor limitations (items 10, 4, 1, 7) and negatively to the other 11 items indicating more severe limitations.
There are some concerns about the validity of comparisons between amputees and nonamputees, because 4 items demonstrated DIF. Items 2 and 8 indicate less severe activity limitations for amputees than for nonamputees. The finding that these items about climbing stairs in a different way (eg, pulling up or down 1 leg at a time) indicated less activity limitations in amputees may be explained by the use of a prosthesis that forces amputees to climb stairs in a different way, even if they have only minor activity limitations. Items 3 and 9 indicate more severe activity limitations in climbing stairs for amputees than for nonamputees. This finding might be explained by the fact that the nonamputee group mainly consisted of patients with painful disorders (OA, CRPS I, diabetic foot problems). Complaints about pain and difficulty are often related. 27 Patients with a painful disorder may immediately start reporting "difficulty" when they experience pain, which might be in a phase in which they have only minor activity limitations. Although items with DIF do not always produce poor measurements, 28 the use of only the 11 items without DIF is recommended when comparisons are made between amputees and nonamputees.
In this study, test-retest reliability and construct validity were not investigated. Perez et al 19 have demonstrated a satisfactory test-retest reliability (intraclass correlation coefficientϭ.87) of this scale in CRPS I patients (Nϭ21). In addition, Meijer et al 20 provided some evidence for the construct validity of the scale by demonstrating that diabetic patients (Nϭ38) with a high risk of developing foot complications had more severe activity limitations in climbing stairs. Test-retest reliability and construct validity will, however, have to be investigated more thoroughly.
CONCLUSIONS
A measurement instrument with excellent scaling characteristics has been developed to provide a detailed assessment of activity limitations in climbing stairs in patients with different lower-extremity disorders living at home. However, the results of the measurements made with this instrument should be interpreted with some caution when comparing amputees and nonamputees.
7. I go down the stairs but it takes longer. □ 8. I go down the stairs but in a different way, eg, I pull down 1 leg at a time or I go down "backward." □ 9. I go down the stairs but with (some) difficulty. □ 10. I go down the stairs and (almost) always hold onto the banister. □ 11. I go down the stairs and (almost) always use a walking aid, eg, a walking stick or a crutch. □ 12. I go down the stairs and am (almost) always helped by someone. □ 13. I do go up and down the stairs but less often. □ 14. I do go up and down the stairs but I avoid them. □ 15. I do go up and down the stairs but less stairs/floors. □
